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CARRIER BASED DATA OPERATED 
SQUELCH 

BACKGROUND OF THE INVENTION 

A. Field of the Invention 

The present invention relates to phase shift keyed (PSK) 
digital signal communications. More particular, though not 
exclusively, the present invention relates to a method and 
apparatus for providing improved carrier based data oper 
ated squelch (CDOS). 

B. Problems in the Art 

Carrier based data operated squelch (CDOS) is used in 
communication systems that use phase shift keyed (PSK) 
digital signals to transmit data packets over a channel that is 
also used for analog communications. A typical PSK 
encoded signal is encoded primarily With an analog com 
munication signal but also includes short bursts or packets of 
digital data. When receiving and playing back encoded PSK 
digital signals encoded With data packets, it is desirable to 
mute the output circuit so that the user Will not have to listen 
to the data. The primary use of CDOS is to mute the output 
circuit When the data is received so that the user does not 
have to listen to the data. A CDOS system is designed to 
recogniZe data packets and then to mute or squelch the 
output circuit While the data is present. 

Existing systems for recogniZing data packets are bit data 
operated squelch (BIT DOS) and CDOS. Both of these 
existing data recognition schemes encounter problems. A 
BIT DOS system is prone to occasionally detect data When 
in fact there is no data. This results in muting the receiver 
When it is not supposed to be muted. Attempts to make prior 
art systems immune to falsing leads to unacceptably sloW 
response times to data packets. A typical BIT DOS is 
described in US. Pat. No. 4,450,573 issued on May 22, 
1984. This prior art BIT DOS system uses a carrier locked 
loop and a bit locked loop to decode the input signal bit by 
bit. Atypical prior art CDOS system is described in US. Pat. 
No. 4,455,664 issued on Jun. 19, 1994. A typical CDOS 
system uses a carrier locked loop and is concerned With the 
transitions of the input, or When the signal goes from high 
to loW or loW to high. Prior art CDOS systems look for 
transitions Within a very narroW time frame. Because of this 
narroW time frame, this prior art approach is unacceptable 
and therefore undesirable. 

It can therefore be seen that there is a need for a data 
recognition system Which is less likely to be set off by 
nondata input and also can recogniZe data very quickly 
Without sacri?cing immunity to falsing. It is also desirable 
to have a data recognition system that provides for fast and 
reliable recognition of data. 

Therefore there is room for improvement in the art. The 
present invention represents an improvement over the state 
of the art. 

C. Features of the Invention 

A general feature of the present invention is the provision 
of an improved carrier based data operated squelch Which 
overcomes problems found in the prior art. 
A further feature of the present invention is the provision 

of an improved CDOS Which samples an encoded signal 
frequently and over a Wide time frame and recogniZes data 
by analyZing these frequent samples. 
A further feature of the present invention is the provision 

of an improved CDOS Which uses a counting routine to 
recogniZe data more quickly and more accurately than 
systems of the prior art. 
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2 
Further features and advantages of the present invention 

include: 

An improved CDOS Which samples an encoded signal at 
each transition time, at times betWeen each transition time, 
and at times betWeen these times. 

An improved CDOS Which recogniZes data by analyZing 
the samples immediately folloWing the transition samples. 
An improved CDOS Which is faster and more accurate 

than data recognition systems of the prior art. 
These as Well as other objects, features and advantages of 

the present invention Will become apparent from the fol 
loWing speci?cation and claims. 

SUMMARY OF THE INVENTION 

The present invention relates to a method for identifying 
data in a phase shift keyed digital signal encoded With data. 
The encoded signal is sampled With some of the samples 
being taken at the transition points of the encoded signal. 
Based on the samples, a carrier reference signal is deter 
mined. A CDOS routine analyZes the sample data by creat 
ing an XOR buffer and determining the presence of data 
based on Whether the contents of the XOR buffer are 
indicative of data. When the contents of an XOR buffer are 
indicative of data, a counter is incremented. When the 
counter is incremented to a threshold value, the output 
circuit is muted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a limited received PSK data signal and the 
carrier reference signal. 

FIG. 2 shoWs the received PSK data signal including the 
subt samples and the extra samples. 

FIG. 3 shoWs the carrier signal, the data stream signal, and 
the modulated signal. 

FIG. 4 shoWs a How chart of the carrier locked loop. 

FIG. 5 shoWs the input data signal With the addt, subt, and 
extra samples. 

FIG. 6 shoWs a How chart of hoW the CDOS routine and 
the carrier locked loop are implemented together. 

FIG. 7 shoWs the input data signal including the extra 
samples and the values of the extra buffer and exclusive OR 
buffer. 

FIG. 8 shoWs a How chart of hoW the exclusive OR buffer 
is analyZed. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The present invention Will be described as it applies to its 
preferred embodiment. It is not intended that the present 
invention be limited to the described embodiment. It is 
intended that the invention cover all alternatives, 
modi?cations, and equivalences Which may be included 
Within the spirit and scope of the invention. 

The present invention is used in tWo-Way audio commu 
nications systems that use phase shift keyed (PSK) digital 
signals to transmit data packets over a channel that is also 
used for analog communications. An analog signal is 
encoded on a carrier signal using PSK and sent to a receiver. 
Data packets are also occasionally sent to the receiver over 
the same carrier signal. FIG. 1 shoWs a received and limited 
phase shift keyed (PSK) data signal. FIG. 1 also shoWs a 
carrier reference signal. The carrier reference signal is 
generated from the received PSK data signal. A carrier 
locked loop is used to generate the carrier reference signal 
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by lining up the transitions of the data signal With the 
transitions of the carrier reference (discussed below). In this 
example, the carrier signal has a frequency FC of 450 HZ. 
FIG. 2 shoWs the received PSK encoded signal shoWing the 
subt and the extra samples (discussed beloW). 
At the transmitter, a binary input data stream is modulated 

on a carrier signal. This is accomplished using phase shift 
keying. In the example shoWn in FIG. 3, the input data 
stream operates at a rate of 180 bits per second. The square 
Wave carrier has a frequency of 450 HZ. As can be seen, each 
bit of unencoded data lasts for ?ve half-cycles of the carrier 
Wave. To modulate the data signal onto the carrier Wave, the 
phase of the carrier Wave is changed Whenever the data 
stream changes from one to Zero or Zero to one. The data is 

converted to a phase shift keyed (PSK) signal by taking the 
exclusive OR (XOR) of the carrier and the data stream. This 
creates a PSK modulated signal Which has a phase shift 
Whenever the data stream changes from Zero to one or from 
one to Zero. The modulated signal is also shoWn in FIG. 3. 
The resulting modulated signal is then bandlimited and 
transmitted. At the receiver, the modulated PSK signal is 
?ltered by a 600 HZ loWpass ?ler and limited. The limited 
signal Will ideally look like the original modulated signal 
shoWn in FIG. 3. The modulated signal is fed into a 
microcontroller Which runs carrier locked loop and CDOS 
routines Which are described beloW. 

At the receiver, the microcontroller must ?rst recover the 
carrier signal from the modulated signal. This is accom 
plished using a carrier locked loop. FIG. 4 is a How chart of 
the carrier locked loop. The modulated input signal is 
sampled at a rate of four times per cycle of the carrier to 
recover the carrier signal. The carrier locked loop positions 
tWo of these samples (designated subt samples) at the 
transition points of the input signal. The other tWo samples 
are positioned in the center of each half cycle of the carrier 
signal betWeen the transition (designated addt samples). The 
addt and subt samples are positioned precisely Where desired 
by changing the amount of time betWeen the samples. 
Nominally, the time betWeen each sample (tcent), is 1/1800 
seconds. This corresponds to 1A1 of a cycle of the carrier 
frequency, Where the carrier frequency is 450 HZ. 
As shoWn in FIG. 4, the carrier locked loop toggles 

betWeen addt samples and subt samples. During the addt 
routine (the left side of FIG. 4) if the current sample is not 
the same as the previous sample, a At (~tcent/20) is added 
to tcent to determine When the next sample is taken. The addt 
routine is accomplished by comparing the previous sample 
to the current addt sample. If the previous sample is equal to 
the current sample, the time to the next sample is set to tcent. 
If the old sample is not equal to the neW sample, the set time 
to the next sample is tcent+At, in other Words, the time 
before the next sample is increased. Similarly, in the subt 
routine, At is subtracted from tcent if the current sample is 
not the same as the previous sample. As shoWn on the right 
side of FIG. 4, in the subt routine the current subt sample is 
compared to the previous sample. If the previous sample is 
equal to the current subt sample, the time set to the next 
sample is tcent. If the previous sample is not equal to the 
current sample, the time set to the next sample is tcent-At, 
in other Words, the time until the next sample is decreased. 
Using the carrier locked loop to determine Where the tran 
sition points of the received signal are, a carrier reference 
signal can be generated. 

The improved CDOS routine of the present invention 
takes an extra sample half-Way betWeen each addt and subt 
sample. FIG. 5 shoWs the input encoded data signal With the 
addt, subt, and extra sample times labeled. As shoWn in FIG. 
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4 
5 and discussed above, the subt samples are taken at the 
transition points of the signal While the addt samples are 
taken betWeen the subt samples. An extra sample is also 
taken betWeen each subt and addt sample. This results in a 
sample being taken at a rate of eight times per carrier cycle, 
or at a frequency of eight times the carrier frequency. FIG. 
6 shoWs a How chart of hoW the CDOS routine and carrier 
locked loop (shoWn in FIG. 4) are implemented together. 
The time betWeen each sample is noW nominally every 
tcent/2 seconds. Generally, if tWo successive samples are 
different, for example high and loW, this means that a 
transition has occurred. The improved carrier based data 
operated squelch (CDOS) analyZes these transitions to deter 
mine Whether the input signal is encoded With data 
(discussed beloW). If the improved CDOS determines that 
the input signal is encoded With data, a CDOS counter is 
incremented. As the input continues to look like data, the 
value by Which the CDOS counter is incremented is 
increased. When the CDOS counter reaches a certain 
threshold, the CDOS turns on and mutes the output circuit. 
The output circuit is muted until data is no longer present. 
As shoWn in FIG. 6, the process toggles betWeen the 

CDOS routine (shoWn on the left part of FIG. 6) and the 
carrier lock routine (shoWn on the right part of FIG. 6). The 
carrier lock routine functions as described above and shoWn 
in FIG. 4 With one difference. The difference is that before 
implementing the CDOS routine, the time to the next sample 
is noW tcent/21M Where in FIG. 4 the time Was ICGHIIAI. 
This change is due to the fact that tWice as many samples are 
noW taken. When the process shoWn in FIG. 6 toggles to the 
CDOS routine, an extra sample is taken. The extra sample is 
?rst stored in a buffer, referred to as the extra buffer. The 
extra buffer contains the ?ve most recent extra CDOS 
samples (the samples taken betWeen the addt and subt 
samples). As shoWn in FIG. 5, ?ve extra samples Will span 
approximately one and one-quarter cycles of the carrier 
signal. The next step shoWn in FIG. 6 is to determine 
Whether the last sample Was a subt or an addt sample. If the 
current extra sample occurred after an addt sample, then the 
time to the next sample is set to tcent/2 and the process 
toggles to the carrier locked routine. If the current extra 
sample occurred after a subt sample, then the four most 
recent extra samples in the extra buffer are each exclusive 
OR’d With the extra sample taken immediately before it. 
This results in an XOR buffer that is four elements long. The 
XOR buffer contains the necessary information to determine 
if transitions have occurred betWeen any of the last ?ve extra 
samples. The XOR buffer is used to recogniZe data encoded 
on the carrier signal, as described beloW. Finally, the time to 
the next sample is set to tcent/2. The process then toggles to 
the carrier locked routine described above. 

The XOR buffer generated by the CDOS routine 
described above is analyZed to determine Whether the modu 
lated signal is encoded With data. The initial packet of data 
in existing systems begins With maximum phased shift data 
(the corresponding bits are 10101 . . . The resulting 

modulated signal Will change phase at every ?ve half cycles 
Which corresponds to one bit of data. This is shoWn best in 
FIG. 3. If the modulated input signal is data during a 
non-phased shift time, the extra buffer Will contain 11001 or 
00110. The XOR buffer described above is created by taking 
the XOR of the extra buffer With the extra buffer shifted once 
to the right: 

Extra buffer=>00110 

Extra buffer shifted=>0011 

Resulting XOR buffer=>0101 
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In this example, the XOR buffer (0101) indicates that the 
extra samples Were SAME-DIFFERENT-SAME 
DIFFERENT (0101) since an XOR results in a Zero When 
the inputs are the same and a one When the inputs are 
different. When a phase shift is present, the XOR buffer Will 
?rst have the sequence 0100 (SAME-DIFFERENT-SAME 
SAME). The following XOR buffer Will have the sequence 
0001 (SAME-SAME-SAME-DIFFERENT). With the maxi 
mum phase shift as an input, the CDOS routine Will see three 
XOR buffers of 0101 (SAME-DIFFERENT-SAME 
DIFFERENT) sequences, folloWed by a 0100 (SAME 
DIFFERENT-SAME-SAME) and a 0001 (SAME-SAME 
SAME-DIFFERENT) for each bit transmitted. This pattern 
repeats over and over for maximum phase shift data. FIG. 7 
shoWs the input signal indicating the extra samples. Also 
shoWn in FIG. 7 are the contents of the extra buffer and XOR 
buffer Which are created at the extra samples Which folloW 
a subt sample. Of course, the present invention could be 
practiced by looking at more or less than the ?ve most recent 
samples. 

The present invention uses the contents of the XOR buffer 
to determine if the input signal is encoded With data. If the 
input signal looks like data, a CDOS counter is incremented. 
When the CDOS counter reaches a certain turn on threshold, 
CDOS turns on and mutes the output circuit so the user of 
the present invention does not have to listen to data. The 
CDOS Will keep muting the circuit until the input no longer 
looks like data. 

FIG. 8 is a How chart shoWing hoW the XOR buffer is 
analyZed in order to control the muting of the output circuit. 
As shoWn, When the sequence 0101 (SAME-DIFFERENT 
SAME-DIFFERENT) occurs in the XOR buffer, the CDOS 
counter is incremented by a value (incval) Which initially is 
equal to one. At the same time, the SAME-DIFFERENT 
SAME-DIFFERENT counter (sdsdcount) is incremented. 
When this has occurred three times in a roW, sdsdcount Will 
equal three and a ?ag (Flag1) is set. Once Flag 1 is set, the 
input SAME-DIFFERENT-SAME-SAME (0100) Will cause 
Flag1 and sdsdcount to reset While setting a neW ?ag 
(Flag2). At the same time, the CDOS counter is incremented. 
With Flag2 set, the input 0001 (SAME-SAME-SAME 
DIFFERENT) Will cause a bit counter (bitcntr) to increment 
and Flag2 to reset. At this point, the routine shoWn in FIG. 
8 has seen one full data bit Without error. If tWo more data 
bits are seen Without error, this indicates that there is a good 
possibility that the input is encoded With data. Therefore, 
When bitcntr is equal to three, the amount by Which the 
CDOS counter is incremented (incval) is incremented and 
bitcntr is reset. As shoWn, the value of incval is limited to 
three. This process continues until the turn on threshold is 
reached, at Which time the output circuit is muted. If the 
input produces an XOR sequence other than those 
mentioned, the CDOS counter is reset. The CDOS counter 
is also reset if the XOR sequence does not agree With the 
current ?ag settings. One exception to this is the situation 
Where the sequence 0101 (SAME-DIFFERENT-SAME 
DIFFERENT) continues to occur after Flag1 is set. If this 
occurs, the CDOS counter is still incremented. This is done 
because in normal data (sequences other than maximum 
phase shift) this sequence could occur several times in a roW. 
HoWever, if sdsdcount exceeds a certain value, this indicates 
a pure tone that just happens to be at the frequency of the 
carrier signal. To avoid sensitivity to such an occurrence, 
Without sacri?cing sensitivity to normal data, the CDOS 
counter is neither incremented nor reset in response to this 
situation. 

The values of the variables used by the improved CDOS 
could take on a number of values. These variables include 
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6 
the turn on threshold, the number of bits required before 
incrementing the incremental value, the maximum alloWed 
incremental value of the CDOS counter, and the value of 
sdsdcount required to neither increment or decrement the 
CDOS counter. The values chosen to give an optimum 
performance are those indicated in FIG. 8. Using the values 
shoWn in FIG. 8, the fastest that the CDOS of the preferred 
embodiment can recogniZe data is 39 msec, or seven bits. 
The present invention operates as folloWs. The present 

invention may be used in tWo-Way audio communications 
systems that use PSK digital signals to transmit data packets 
over a channel that is also used for analog communications. 
One typical use of such a system is one that provides secure 
communications by scrambling the transmitted communica 
tions. In that example, the channel is used primarily to 
transmit voice signals. HoWever, data must also be sent 
along With the voice signals so that the transmitter and 
receiver Will remain synchroniZed so that descrambling is 
possible. While a user of such a system is transmitting voice 
data, occasional data packets Will be sent over the same 
channel. These data packets, as discussed above, typically 
begin With maximum phase shift data for approximately 20 
bits. At the receiver, an encoded PSK data signal is received. 
The data is sampled at approximately eight times the fre 
quency of the carrier signal using the routines shoWn in FIG. 
6. The present invention alternates betWeen the CDOS 
routine and a carrier lock routine during the sampling of the 
data. In the carrier lock routine, alternating addt and subt 
samples are taken With the subt samples being positioned 
near the transition point of the carrier signal. The addt 
samples are taken at approximately half-Way betWeen the 
subt samples. By adding or subtracting time betWeen the 
current sample and the next sample as described With FIG. 
6, a carrier reference signal is generated. During the CDOS 
routine, an extra sample is taken betWeen each subt and addt 
samples. From these extra samples, an XOR buffer is 
created. This XOR buffer is analyZed using the algorithm 
shoWn in FIG. 8 to detect the presence of data. When the 
contents of the XOR buffers are indicative of data, a CDOS 
counter is incremented. As the contents of the XOR buffer 
continue to look like data, the amount by Which the CDOS 
counter is incremented is increased. When the CDOS 
counter reaches a certain threshold, the CDOS turns on and 
mutes the output circuit. In this Way, When the data packets 
are transmitted, the CDOS receiver quickly determines the 
presence of the data and mutes the output circuit so that the 
user of the receiver does not have to listen to the unintelli 
gible data signal. 
The CDOS routine shoWn in FIGS. 6 and 8 is imple 

mented using a 600 HZ loWpass ?lter, a limiter, and a 
microprocessor programmed With the How charts of FIGS. 
6 and 8. It is possible to implement the CDOS on a 
microprocessor along With all the necessary coding and 
decoding required for a scrambling and descrambling sys 
tem. 

The preferred embodiment of the present invention has 
been set forth in the draWings and speci?cation, and 
although speci?c terms are employed, these are used in a 
generic or descriptive sense only and are not used for 
purposes of limitation. Changes in the form and proportion 
of parts as Well as in the substitution of equivalents are 
contemplated as circumstances may suggest or render expe 
dient Without departing from the spirit and scope of the 
invention as further de?ned in the folloWing claims. 
What is claimed: 
1. A method of identifying data in a phase shift keyed 

digital signal encoded With data comprising the steps of: 
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taking a ?rst set of samples of the encoded signal each 
corresponding to a transition point of the encoded 
signal such that the ?rst set of samples is taken at a 
frequency of approximately tWo times the encoded 
signal frequency; 

taking a second set of samples of the encoded signal, the 
samples of the second set taken at points betWeen 
successive samples from the ?rst set such that the 
second set of samples is taken at a frequency of 
approximately tWo times the encoded signal frequency; 

taking a third set of samples of the encoded signal, each 
of the samples of the third set of samples corresponding 
to a point betWeen a sample from the ?rst set and the 
second set such that the third set of samples is taken at 
a frequency of approximately four times the encoded 
signal frequency; and 

identifying data in the encoded signal based on the third 
set of samples. 

2. The method of claim 1 Wherein the step of identifying 
data further comprises the step of comparing successive 
samples from the third set of samples to identify the pres 
ence of data. 

3. The method of claim 2 Wherein the ?ve most recent 
samples from the third set of samples are compared to 
identify data. 

4. The method of claim 1 Wherein the step of identifying 
data further comprises the steps of: 

storing the samples from the third set; 
comparing at least some of the stored samples With the 

most recent stored sample; and 
identifying data in the encoded signal based on the 

comparison of the stored samples With the most recent 
stored sample. 

5. The method of claim 4 Wherein the step of identifying 
data further comprises the steps of: 

providing a counter; 
incrementing the counter based on each comparison of 

samples; and identifying data in the encoded signals 
based on the counter. 

6. The method of claim 1 Wherein the step of identifying 
data further comprises the steps of: 

creating a sample buffer for each sample from the third set 
of samples, Wherein the sample buffer contains infor 
mation relating to the ?ve most recent samples taken 
from the third set of sample; and 

creating a comparison buffer corresponding to each 
sample buffer, Wherein the comparison buffer contains 
information relating to a comparison of the information 
in the corresponding sample buffer. 

7. The method of claim 6 further comprising the step of 
analyZing each comparison buffer to identify data in the 
encoded signal. 

8. The method of claim 7 Wherein the step of analyZing 
each comparison buffer further comprises the steps of: 

for each comparison buffer, determining Whether the 
contents of the comparison buffer are indicative of data; 

providing a counter; and 
incrementing the counter for each comparison buffer that 

is indicative of data. 
9. The method of claim 8 further comprising the step of 

changing the amount that the counter is incremented based 
on the contents of a number of consecutive comparison 
buffers. 

8 
10. A method of identifying data in a phase shift keyed 

digital signal encoded With data on a carrier signal having a 
carrier frequency comprising the steps of: 

sampling the encoded signal at a frequency of approxi 
mately eight times the carrier frequency, Wherein every 
fourth sample is taken at an approXimate time corre 
sponding to a transition point of the carrier signal; and 

identifying data in the encoded signals based on the 
samples taken immediately before and immediately 
after the samples corresponding to a transition point of 
the carrier signal. 

11. The method of claim 10 Wherein the step of identi 
fying data further comprises the steps of: 

providing a counter; and 

incrementing the counter each time the samples taken 
immediately before and immediately after the samples 
corresponding to a transition point of the carrier signal 
are indicative of data. 

12. The method of claim 11 Wherein data is identi?ed in 
the encoded signal When the counter reaches a threshold 
value. 

13. The method of claim 11 Wherein the amount that the 
counter is incremented is variable. 

14. The method of claim 13 Wherein the amount that the 
counter is incremented is variable depending on the samples. 

15. A method of providing improved carrier based data 
operated squelch for muting an output circuit of a commu 
nications receiver during the transmission of data by iden 
tifying data in a phase shift keyed digital signal encoded 
With data on a carrier signal having a carrier frequency 
comprising the steps of: 

20 
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sampling the encoded signal at successive times to create 
a plurality of successive samples of the encoded signal; 

creating a plurality of successive sample buffers, each 
sample buffer containing values for a number of suc 
cessive samples; 

40 creating a comparison buffer corresponding to each 
sample buffer, each comparison buffer containing val 
ues relating to the comparison of the values in the 
sample buffer for the successive samples in the corre 
sponding sample buffer; 

determining the presence of data in the digital signal 
based on the contents of the comparison buffer; and 

muting the output circuit upon the determining presence 
of data. 

16. The method of claim 15 Wherein the step of deter 
mining the presence of data further comprises the steps of: 
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determining Whether the contents of each comparison 
buffer are indicative of data; 

providing a counter; 
55 incrementing the counter each time that it is determined 

that the contents of one of the comparison buffers is 
indicative of data; and 

determining the presence of data based on the value of the 
60 counter. 

17. The method of claim 16 Wherein the output circuit is 
muted When the counter reaches a threshold value. 


